crobial growth was found, the cultures were streaked onto GEY-0.3% CaCO 3 agar plates. The acetic acid bacteria were selected as acid-producing bacterial strains that formed clear zones around colonies on the agar plates. Morphological and cultural characteristics of the isolates were examined by incubating at 30°C for 2 days on GYPG medium (pH 6.8). GYPG medium was composed of 1.0% D-glucose, 1.0% glycerol, 0.5% yeast extract, 1.0% peptone, and 1.5% agar, unless otherwise mentioned.
Forty strains were isolated from fruits and other source materials (Table 1 ). All the isolates were aerobic, Gram-negative rods measuring 0.4-0.9ϫ1.1-3.0 mm in size and occurred singly or in pairs. All the strains were motile and peritrichously flagellated when stained by the method of Forbes (1981) . The colonies of the isolates were circular, raised or convex with entire edges, and white to cream on GYPG agar plates, except for the isolates that produced a water-soluble brown pigment.
The bacterial DNAs were extracted and purified by the method of Saito and Miura (1963) . DNA-DNA hybridization was carried out by the photobiotin-labeling method with microdilution wells in 2ϫ SSC and 50% formamide at 46-49°C for 12-15 h, as described by Ezaki et al. (1989) . DNA-DNA similarity was determined colorimetrically, as described previously (Tanasupawat et al., 2000) . DNA base composition was determined by the method of Tamaoka and Komagata (1984) .
All 40 isolates were divided into three groups, i.e., Group I, Group II, and Group III on the basis of DNA-DNA similarities (Table 1) . Thirty-one isolates of Group I showed high DNA-DNA similarities over 82% to the type strain of Acetobacter pasteurianus (TISTR 1056 T ) and isolate OR56-1. By contrast, the DNA-DNA similarities were low (6-20%) (Lisdiyanti et al., 2000 (Lisdiyanti et al., , 2001 Swings, 1992; Wayne et al., 1987; Yamada et al., 1997) .
The DNA base composition of the representative strains of Group I (GR24-2, OR56-1, and MG69-2) and of Group II (SF18-1 and SF17-1) ranged respectively from 51.8 to 52.5 mol% GϩC and 51.9-52.6 mol% GϩC with a range of 0.7 mol% ( Table 1 ). The representative strain of Group III (CJ121-1) had 63.9 mol% DNA GϩC content, which was higher than those of Groups I and II.
Ubiquinone was extracted and purified, as described by Yamada et al. (1968) . The purified ubiquinone preparations were applied to analysis for their homologues by reversed-phase paper chromatography (Yamada et al., 1968) and by HPLC on a Shimadzu model LC-3A (Tamaoka et al., 1983) . The representative strains of Group I (GR24-2, OR56-1, MG69-2) and Group II (SF17-1, SF17-2, SF18-1) were characterized by Q-9 (63.9-78.1%) as a major ubiquinone homologue. A considerable quantity of Q-8 (16.9-32.7%) was detected in the strains of Group I and Group II, as found by Yamada et al. (1968) . The representative strains of Group III (SJ116-2, PJ117-3, CJ121-1) were characterized by Q-10 (85-93.8%) with the coexistence of Q-9 (6.2-14.1%).
Bacterial 16S rRNA genes were amplified by PCR with Taq DNA polymerase and primer 9F (5Ј-GAGT-TTGATCCTGGCTCAG-3Ј, the Escherichia coli numbering system, Brosius et al., 1981) and 1541R (5Ј-AAGGAGGTGATCCAGCC-3Ј). PCR amplification was carried out on a GeneAmp PCR System 2400 (PEBiosystems, Foster, CA, USA). The double-stranded DNA was sequenced with an ABI PRISM BigDye Terminator Cycle sequencing Ready Reaction kit (PEBiosystems) according to the manufacturer's instructions by the use of the following primers; universal vector primers, T7 and SP6, 339F (5Ј-CTCCTACGGGAG-GCAGCAG-3Ј), 357R (5Ј-CTGCTGCCTCCCGTAG-3Ј), 785F (5Ј-GGATTAGATACCCTGGTAGTC-3Ј), 802R (5Ј-TACCAGGGTATCTAATCC-3Ј), 1099F (5Ј-GCAACGAGCGCAACCC-3Ј), and 1115R (5Ј-AGGG-TTGCGCTCGTTG-3Ј). PCR products were sequenced with an ABI PRISM 377 Genetic Analyzer (PEBiosystems). The determined rRNA gene sequences (ca. 1,367-1,428 bases) were aligned along with selected sequences obtained from the GenBank/EMBL/DDBJ databases with the program CLUSTAL W (version 1.81) and the phylogenetic tree was constructed by the neighbor-joining method (Saitou and Nei, 1987) with the program MEGA (version 2.1) (Kumar et al., 2001 ). The confidence values of individual branches in the phylogenetic tree were determined by using the bootstrap analysis of Felsenstein (1985) based on 1,000 samplings.
The representative strain (isolate OR56-1) of Group I was located in the cluster of Acetobacter pasteurianus in the phylogenetic tree based on the 16S rRNA gene sequences and had 99.5% sequence similarity to the type strain of Acetobacter pasteurianus (Fig. 1) . The representative strains (isolates SF18-1 and SF17-1) of Group II were located in the cluster of Acetobac-50 SEEARUNRUANGCHAI et al. Vol. 50
Fig. 1. Phylogenetic relationships of isolates from fruits and other isolation sources collected in Thailand.
The phylogenetic tree was constructed by the neighbor-joining method. The type strain of Acidiphilium cryptum was used as an outgroup. The numerals at nodes indicate bootstrap values derived from 1,000 replications.
ter orientalis and had 99.6% and 100% sequence similarities respectively to the type strain of Acetobacter orientalis. The representative strain (isolate CJ121-1) of Group III was located in the cluster of Gluconacetobacter liquefaciens and had 99.9% sequence similarity to the type strain of this species (Stackebrandt and Goebel, 1994) (Fig. 1) .
The isolates were examined for their phenotypic features including physiological and biochemical characteristics (Asai et al., 1964; Gosselé et al., 1980 Gosselé et al., , 1983 Yamada et al., 1976) . The strains in Group I, Group II, and Group III based on DNA-DNA similarity, showed a good correlation with phenotypic characteristics (Tables 1 and 2). All the isolates showed positive reaction to catalase, production of acetic acid from ethanol, production of D-gluconate from D-glucose, and oxidation of acetate and lactate to carbon dioxide and water. Many isolates of Group I and Group II grew at 37°C. Some of them grew at 40°C; however, their growth was not so intense but weak. The isolates of Group III did not grow at 40°C but at 37°C. Most 40 isolates grew at pH 3.5, 4.0, 4.5, 5.0, 5.5, and 7.5. They produced acid from D-glucose and ethanol. No acid production was found in D-fructose, maltose, D-mannitol, melezitose, raffinose, salicin, D-sorbitol, sucrose, methanol, L-rhamnose, and starch. In all the isolates, the activity of acid production from different carbon sources was, on the whole, not so intense. The variable phenotypic characteristics obtained depended on the isolates (Table 2 ). This indicates the diversity of the 2004 Acetic acid bacteria isolated from Thai fruits 51 strains.
The isolates in Group I were identified as A. pasteurianus by DNA-DNA similarity. They were characterized by production of acetylmethyl carbinol from lactate and grew at 37-40°C. 2-Keto-D-gluconate was not produced in any of the isolates. Acid was produced from D-mannose and L-arabinose. The isolates were characterized by Q-9 as a major ubiquinone in the coexistence of a considerable quantity of Q-8. The representative strains had 51.8-52.5 mol% GϩC with a range of 0.7 mol%. These isolates were found in fruits of apple, banana, grape, guava, jack fruit, jujube, kaffir lime, langsat, longkong (Aglia dookoo), longan, mango, mangosteen, orange (tangerine), papaya, peach, pineapple, passion fruit, rose apple (Java apple), rambutan, rakam (Zalacca wallichiana), sapodilla, star gooseberry, strawberry, sugar apple, tamarind, water melon, tomato, and palm juice.
The isolates in Group II were identified as Acetobacter orientalis by DNA-DNA similarity and they had Q-9, as found in the isolates of Group I. The representative strains had 51.9-52.6 mol% GϩC with a range of 0.7 mol%. The isolates were differentiated from the isolates of Group I by their capability of producing 2-keto-D-gluconate from D-glucose. They produced acid only from L-arabinose. These isolates were found only in star fruits.
Six isolates in Group III were identified as Gluconacetobacter liquefaciens by DNA-DNA similarity, and they had Q-10 as a major ubiquinone homologue. The isolates produced a water-soluble brown pigment, 2-keto-D-gluconate, 5-keto-D-gluconate, and 2,5-diketo-D-gluconate from D-glucose, and dihydroxyacetone from glycerol. They produced acid from D-mannose, Dribose, D-xylose, and glycerol. The representative strain had 63.9 mol% GϩC. These isolates were found only in palm juice, coconut juice, and sugar cane juice.
From the results obtained above, the DNA-DNA similarity and the 16S rRNA gene sequences were useful to differentiate strains of Acetobacter pasteurianus, Acetobacter orientalis and Gluconacetobacter liquefaciens. It is noted that any strains assigned to the type species, Acetobacter aceti, were not isolated from fruits or other sources collected in Thailand, although strains assigned to Acetobacter orientalis (Group II), which is located in the same sublineage A as Acetobacter aceti, were isolated (Fig. 1) . Actually, the type species, Acetobacter aceti is one of the most known species in the genus Acetobacter. In this respect, the data obtained above coincided with those described by Lisdiyanti et al. (2000 Lisdiyanti et al. ( , 2001 .
